Characteristics of sudden cardiac arrest (SCA) during sports offers a novel (and unexplored) setting to assess factors associated with disparities in outcomes across regions.
Introduction
Despite a number of recent encouraging reports, overall survival rates after out-of-hospital sudden cardiac arrest (SCA) in the general community have remained essentially unchanged over recent decades. 1 -3 This somewhat disappointing observation raises questions concerning the effectiveness of individual factors, community interventions such as public education in basic life support and public access defibrillation, as well as medical care provided both on site and during hospitalization. 4 Consideration of regional variations in survival rates after SCA has been recently proposed as an interesting tool for identifying those factors which most influence survival. 5 -7 However, the interpretation of such regional variations has remained particularly challenging in the setting of SCA in overall population, mainly due to major heterogeneities in population characteristics, circumstances of occurrence, as well as medical management between regions. 4, 5, 8, 9 We have recently described the first comprehensive assessment of SCA during sports activity in the general population. 10 Through a national prospective 5-year study carried out in France, we have reported characteristics of SCA during competitive and recreational sport activities. From these first descriptive data, it appeared that SCA during sports activities had a remarkable uniformity across regions, with regard to population characteristics and circumstances of occurrence. This also offers an opportunity to capture and analyse crucial data (e.g. collapse-to-call period of time) not previously reported. 3 Taken together, sports-related SCA appears to be a particularly good circumstance for regional analysis of survival. Moreover and at the best of our knowledge, functional neurological outcomes of survivors, a key factor in assessing the effectiveness of resuscitation, has not been integrated into such approaches. 5, 6 In the present paper, after having documented major regional survival disparities in the setting of sports activities, we identified the extent to which conventional evidence-based individual factors, known to be associated with survival, were distributed among different regions. Moreover, we assessed if functional outcome varied between regions with differing rates of survival.
Methods

Study setting
The study design has been previously described. 10 Briefly, this prospective study was carried out according to Utstein guidelines, 11 between April 2005 and April 2010 in France. This study aimed to evaluate the circumstances and characteristics of SCA during sports in the general population aged 10 -75 years, with a specific focus on survival and associated factors. Sudden cardiac arrest in the setting of sport activities was defined as death occurring during or within 1 h of cessation of sports activity. 12 -14 In the majority of cases, it presented as an unexpected collapse during physical exertion. Traumatism-related SCA were excluded, except for cases of commotio cordis. Subjects aged between 10 and 75 years were included in the study, since the context of physical activity can be difficult to assess in the very young and those of more than 75 years rarely participate in sports. To optimize case detection, we used two complementary and independent sources: emergency medical services (EMS) and continuous Web monitoring of more than 250 newspapers. Manual checking of these reports was performed to identify verifiable sports-related SCA in 10-75 year-olds and when not already been notified to us via EMS, complementary information was then obtained via written accounts and/or telephone interviews with the local emergency team.
We obtained close collaboration from EMS as well as from the intensive care units throughout the 60 participating regions. In France, a unique EMS exists-Service d'Aide Medicale Urgente (SAMU)-which is very homogeneously distributed/implemented and provides standardized care via common guidelines/protocols across regions. 15, 16 The SAMU is a special unit within a hospital designed to receive and dispatch urgent medical calls. It coordinates paramedics and special units distributed evenly throughout each region. 15 Paramedics are dispatched and usually arrive first on the scene to initiate chest compression and To assess community-based strategies for public education in the 'Chain of Survival', particularly CPR, a comprehensive assessment of specific programmes over all the regions was carried out continuously over the 2005-10 study period by a specific working group, blinded to regional data on survival. To analyse, three categories of training sessions were identified: (i) official national courses (2-day session) leading to a specific certification form [Premier Secours Civique Niveau 1 (PSC-1), Attestation de Formation aux Premiers Secours and Sauveteur Secouriste du Travail (SST)], carried out under the auspices of the Ministère Français de l'Intérieur by five governmental agencies (Croix Rouge Française, Féd-ération Nationale des Sapeurs Pompiers, Fédération Nationale de la Protection Civile, and the Institut National de Recherche et de Sécurité and the Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés); (ii) official national short-training session, called initiation (3 h session), conducted throughout the French territory under the Journée d'Appel à la Défense (JAPD) (during a 1-day session focused on civil education mandatory since 31 December 2004 for all citizens 18 years of age) and the Initiation aux Premiers Secours (IPS) (Croix Rouge Française, Fédération Nationale des Sapeurs Pompiers, Fédération Nationale de la Protection Civile). No formal certification is delivered; (iii) finally, local (region specific) initiatives training sessions carried out by local authorities (various private and/or public institutional agencies) with very short, interactive, and repeated sessions. This training is advertised in the local media and conducted by a number of non-profit organizations. For each of these categories, the total numbers of trained persons by 100 000 inhabitants by region were quantified.
Statistical analysis
This report was prepared in compliance with the STROBE checklist for observational studies. 20 Characteristics of SCA were described as
Regional disparities in outcomes after SCA during sports mean + SD, proportions (%), and median and inter-quartile ranges as appropriate. Survival rates at hospital admission and discharge, as well as proportion of favourable neurological outcome at discharge (CPC score 1 and 2) were determined for each region and their 95% confidence interval (CI) was calculated.
Regions were sorted according to SCA survival rates at hospital discharge. Using arbitrary cut-offs of 10, 20, and 40%, four groups of survival at discharge were identified (low, 0-10%; medium-low, 10-20%; medium-high, 20-40%, and high, more than 40% of survival at hospital discharge), and their mean survival rates and 95% CI were assessed at hospital admission, during the in-hospital period, and at hospital discharge. Data on subjects' characteristics, setting and circumstances of occurrence, basic life support initiation by bystander, advanced life support, and outcomes were described through the four survival groups. We specifically focused on the five most commonly recognized factors associated with survival: presence of witness, CPR initiation by bystander, presence of initial shockable rhythm, defibrillation delivery, as well as delays of intervention (collapse-to-call EMS, collapse-to-EMS arrival, and collapse-to-defibrillation).
1 Qualitative variables were compared using the x 2 test, and quantitative variables using analysis of variance or the Kruskal-Wallis test for comparisons across multiple groups. Difference in survival across regions was also tested using a generalized linear model. All tests were two-tailed, and P , 0.05 was considered indicating statistical significance. All data were analysed at INSERM, Unit 970, Cardiovascular Epidemiology and Sudden Death, Paris, using STATA software version v11.0 (Lakeway Drive, TX, USA). The authors had full access to data and designed the statistical analysis, and had final responsibility for the decision to submit the manuscript for publication and vouch for the accuracy and completeness of the data and the analyses.
Results
Over the 5-year study period, 820 SCA during sports were recorded and their general characteristics have been previously reported. 10 Overall, the mean age of subjects was 46 + 15 years (range 11-75), with a striking male predominance (male/female ratio of 20:1). While the majority (88.3%) of subjects did not have any previous history of heart disease and/or more than one cardiovascular risk factor, 3.8% had a known history of coronary heart disease. Half of the SCA (52.0%) occurred in sports facilities (such as a gymnasium or a stadium) in the presence of at least one witness in almost all cases (99.8%). Bystander CPR was initiated in 30.7% of cases. The initial cardiac rhythm was ventricular fibrillation or pulseless fast ventricular tachycardia in 46.7% of cases, and defibrillation was attempted in 61.1%. The median collapse-to-call, collapse-to-CPR initiation, and collapse-to-first defibrillator shock times were 2.0 (0.5 -4.5), 4.8 (1.2 -8.5), and 12.5 (10.5-15.5) min, respectively. Of the 820 cases, 253 (30.8%) subjects were admitted to hospital, and 128 were alive at hospital discharge, giving an overall survival rate at hospital discharge of 15.7% (95% CI 13.2-18.2). Marked disparities in survival at hospital discharge were observed among the 60 French regions, with rates varying from 0 to 43.8% (and from 3.4 -42.6% for survival groups). No apparent specific geographic distribution of best survival regions throughout the national area was noted (Figure 1 ). According to different groups of survival (low, 0-10%; medium -low, 10-20%; medium -high, 20 -40%, and high, more than 40% of survival at hospital discharge), we analysed (i) subjects' characteristics, setting, and circumstances of occurrence, (ii) basic life support provided by bystander and advanced life support provided by EMS, as well as (iii) vital and functional outcomes.
Data regarding subjects' characteristics, setting, and circumstances of occurrence are summarized in Table 1 . Overall, we noted no significant differences in these characteristics, across the different groups of survival. This included mean age, gender, history of heart disease, and/ or presence of more than one cardiovascular risk factor. Moreover, location of occurrence (sport facilities vs. non-sport facilities), competition setting, presence of witness(es), and type of sports (individual vs. team sports) did not differ significantly between groups. Finally, time of occurrence and the frequency of vigorous levels of exercise were not statistically different between groups of survival.
Details on basic and advanced life support provided by witness(es) and EMS on the field are reported in Table 2 . The likelihood of bystander to initiate or not CPR markedly differed between groups (initiated in 15.3% of case in the low-survival group, compared with 80.9% in the high-survival group, P , 0.001) (Figure 2A) . Accordingly, delay from collapse to CPR initiation was significantly shorter in groups with better survival (P ¼ 0.02). On the other hand, we observed that the promptness of witnesses calling for EMS was remarkably similar across groups of survival, with a median delay between collapse and call to EMS varying from 2.0 to 2.2 min (P ¼ 0.35) ( Figure 2B) . We denoted only five cases of defibrillation by public witnesses (not related to EMS), before EMS arrival, with no significant difference among survival groups (from 0.3 to 1.5%, P ¼ 0.74) ( Figure 3A) . The presence of an initial shockable rhythm at the time of assessment by the EMS team was much more common in the highsurvival group (from 28.6 to 79.1%, P , 0.0001) ( Figure 3A) . The delay for EMS arrival on site was not statistically different across survival groups, from 10.4 (7.9 -14.3) to 11.2 min (8.4 -14.5) (P ¼ 0.53) ( Figure 2B) . The mean number of shocks delivered by EMS was of 5.3 + 4 (range 1 to 19), and extra-corporeal membrane oxygenation system was used in the field in two cases, with no significant variation across groups. 21 Data on outcomes are reported in Table 2 . Major disparities were observed at hospital admission between groups, from 7.4 to 75.0% (P , 0.001) (from 0 to 78.1% at the region). Of the 253 subjects who were alive at hospital admission, no significant difference was observed regarding in-hospital mortality, reported between 43.1% (95% CI, 29.5-56.7) and 56.3% (95% CI, 44.8-67.9) (P ¼ 0.44). Cardiovascular risk factor included known/treated diabetes mellitus, dyslipidaemia, systemic hypertension, obesity, current smoker, and family history of premature coronary heart disease. Data were missing on history of known heart disease (for 8 subjects), cardiovascular risk factors (11), level of exercise (8) .
Percentages were calculated on the basis of the total number of known events. CVRF, cardiovascular risk factor; IQR, inter-quartile range; SD, standard deviation.
Finally, survival at hospital discharge (ranged from 3.4 to 42.6%, P , 0.001) was highly correlated with survival to hospital admission ( Figure 3B ). The test of the region survival variance component in the model was found highly significant (overall P , 0.001, as well as the Tuckey-Kramer adjustment for any survival group-to-group comparison P , 0.001). Vital and functional (neurological) outcomes across the four groups of survival are schematized in Figure 4 . The majority of these patients (103 out of the 126 for whom neurological assessment was established, 81.7%) had a favourable neurological outcome (defined as a CPC scoring grade 1 or 2). Favourable neurological outcome among survivors varied between 77.4 and 90.0% (P ¼ 0.83) across survival groups.
From comprehensive evaluation of education programmes to 'Chain of Survival', we observed that regions with better survival rates had significantly higher proportion of the population educated in basic life support (P , 0.0001). Whereas national education of the population was highly homogeneous among regions (around 11 500 trained persons per 100 000 inhabitants during the 5-year period), major disparities in local education levels were noted, varying from 758 to 18 833 cumulated trained persons per 100 000 inhabitants.
Discussion
In the setting of sports activities, we demonstrate here that there may be marked heterogeneity in survival rates between regions (up to 10-fold), with survival rates of more than 40% in numerous regions, and ,10% in many others. The particular setting of sportsrelated SCA allowed a better understanding of factors most associated with survival. Our results emphasized the extent to which disparities in survival at hospital discharge principally are associated with pre-hospital factors in the very early period after SCA, even before the arrival of EMS, and particularly underlined the crucial importance of CPR delivery by the witness in the field. Finally, our data show that better survival in this setting was not obtained at the expense of a greater proportion of subjects with an adverse neurological outcome. Taken together, this should guide identification of effective interventions that are used in some communities but have not been implemented in others, including active and repeated active public education in basic life support, which might increase the likelihood of CPR initiation by witness(es) on site.
Our study showed similar disparities in survival rates across regions for SCA occurring after sports activities, as others have shown for SCA of any type. We might expect that survival rates after sports-related SCA would be relatively uniform across France, given the similarities in subjects' characteristics and circumstances of occurrence, as well as the known homogeneous EMS coverage in this setting (supported by the high similarity of times to arrival of EMS among regions in France). 16 Nevertheless, the considerable variations in bystander resuscitation rates across regions were associated with significant variations in survival rates, in this setting. Finally, our results emphasize the contrast between the relative uniformity of in-hospital outcomes (vital as well as functional) and the marked variability across regions of events during the pre-hospital phase, well before hospital admission. The unique setting of SCA occurring during and after sports activity allows relatively uniform data collection, more than in the setting of all-coming SCA; for example, information regarding the delay between collapse and call to EMS, since, it has been hypothesized that public education could improve outcome after SCA through .. ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ......   ..... ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ . ..... Data are presented as no. (%) and median (IQR), min for delays. Survival and mortality rates as well as functional outcome are presented as proportion and 95% CI. Data were missing on the presence of witness (4), monitored rhythm (12), public use of AED (24) . Percentages were calculated on the basis of the total number of known events. AED, automatic external defibrillator, CI, confidence interval; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.
better awareness of early alert, and earlier activation of EMS. 22 Our results emphasize the urgent need to focus on the very early period after SCA, which includes CPR initiation by a bystander, and do not support the theory that the potential benefit of CPR initiation is actually linked to an earlier call to EMS by bystanders. 3 As suggested here, effective CPR can extend the window of opportunity for successful defibrillation. 23 -25 Drezner et al. 13, 26, 27 reported an improved survival rate for young athletes with SCA if prompt CPR and early defibrillation are achieved, with up to 64% alive at hospital discharge. These findings have implications for pre-hospital emergency care, but principally to policy making authorities to promote education of the community in basic life support, in considering that SCA should be considered a treatable condition. Of note, only one-third of witnessed SCA received bystander CPR, suggesting that even better results can still be achieved. 28 Therefore, ongoing efforts are necessary to encourage the public to be ready, willing, and able to provide CPR when appropriate and necessary. 29 -32 The very low AED use by public bystanders in our study appears to be the result, at least in part, of limited AED availability (as AED availability in stadium or other sporting facilities is not yet mandatory in France, with no clear recommendations, in contrast to the case of the United States). 33, 34 Despite this low AED use by bystanders, several regions had very high survival rates, and a wider use of AED in this specific setting of sport practice could allow even higher survival rates, beyond the current 40% survival we observed in such regions, at hospital discharge (given the well-known benefits of early defibrillation). 4, 29 Our systematic evaluation demonstrated a very high degree of heterogeneity in terms of community-based educational programmes, particularly from local initiatives. The Cô te d'Or region in Burgundy and the Nord region, which had the highest survival rates among all regions, have been the two most active French areas in terms of public education, with the first AEDs deployments and associated community-based sessions which started in 1993, 14 years before the registration of public AEDs in France. According to the known key role of CPR initiation as well early defibrillation, our data emphasized the substantial room for improvement of public knowledge and attitudes towards basic life support. 35 Although identification of high-risk subjects is beyond the scope of our paper, we hope that these results from our registry are unique and may contribute to a better understanding in the future in identification of high-risk competitive and leisure athletes, Figure 2 Factors associated with survival-proportion of bystander presence, cardiopulmonary resuscitation initiation by bystander, as well as collapse-to-call and collapse-to-emergency medical services arrival delays, according to rates of survival at hospital discharge. Analysis across the four groups of survival demonstrate that, despite a very high and almost constant presence of bystander, the rate of cardiopulmonary resuscitation initiation by bystanders on the scene is highly variable among regions (A), whereas the promptitude of bystander to call emergency medical services is highly homogeneous. Finally, the delay of emergency medical services intervention appears highly homogeneous in the setting of sudden cardiac arrest during sports activities (Panel B). Figure 3 Factors associated with survival-proportion of automated external defibrillator use by bystander, shockable rhythm, as well as survival at hospital admission and in-hospital mortality, according to rates of survival at hospital discharge. Analysis across the four groups of survival demonstrate that the rate of public automated external defibrillator use is dramatically low throughout the four groups of survival, although major differences exist in the proportion of shockable rhythm (A). In-hospital mortality is not significantly different across the four groups of survival, and finally, survival at hospital discharge is highly correlated with survival to hospital admission (B).
Regional disparities in outcomes after SCA during sports particularly among middle-age men. 36 -45 We note the striking male predominance in sports-related SCA in this series. This is not simply due to greater male participation; for example, considering the five most common sports in which sports-related SCA occurred, 36% of participants across France are female (as judged from those with a licence in those sports) whereas only 5% of sports-related in those sports occurred in females. Finally, although regular physical activity benefits cardiovascular health, sport, particularly when practiced vigorously, has been shown to increase the risk of dying suddenly during or shortly after exercise (compared with at rest). 46 -48 This should be considered in interpreting our relatively high proportion of SCA cases during vigorous exertion. Besides the survival rate, neurological outcome of survivors is also a key factor in determining successful resuscitation. To the best of our knowledge, no data have been published on the neurological prognosis associated with regional survival disparities such as those noted in this study. 5, 6 In our study, the proportion of survivors with good cerebral outcomes was highly similar across regions. Thus, high levels of survival to hospital discharge in particular regions are indeed accompanied by good neurological outcomes, rather than producing survivors with poor cerebral performance. We acknowledge some limitations. First, the effectiveness of CPR was not assessed in our study, and we are aware of the difficulty of providing good quality CPR and of the variations in CPR 'quality' among individuals. However, poor quality bystander CPR (hypothesized in a significant proportion of cases) would only underestimate any observed association between early initiation of CPR and survival. Secondly, we used this very particular situation (SCA during sports in France) as a model to understand the importance of early stages in post-SCA resuscitation and care; we agree that some specificities of the EMS and hospital health systems in France (with a protocolized national approach) might mean that our results are not necessarily applicable to all other countries. Thirdly, the study was on a voluntary basis of each region, and the extent to which sportsrelated SCA burden differ among the non-participating regions remains. However, the possibility of selection bias has been rejected by the presence of similar incidence rates over all the four survival groups. Finally, our observational approach does not allow an assessment of the efficacy of community-based measures. Thus, we were only able to demonstrate their association with survival without establishing a true causal link.
In summary, major regional disparities exist in survival after SCA during sports activities. Survival may be particularly high, up to 40%, with favourable neurological outcomes in most of the survivors. This heterogeneity in survival rates at hospital discharge across regions seems to reflect differences in the very early phases of resuscitation, even before the arrival of EMS to the site of the SCA. Our results highlight the key role of bystanders in providing immediate basic life support. ance Category score) after sudden cardiac arrest during sports activities, according to different groups of survival. Our results suggest that better survival was not obtained at the expense of a greater proportion of adverse neurological outcome.
